The production of watermelon in soilless culture is increasing in importance as a complement of the grafting technique to control phytopathological problems. The influence of this crop production system in fruit quality, particularly in sugar accumulation patterns, have not been studied yet comparing different substrates and the production in soil. On the other hand, the use of the synthetic cytokinin CPPU as an alternative or complementary method to fruit setting in watermelon production is also increasing in importance and its influence on fruit quality are not well clarified. In the present experiment two setting procedures (CPPU sprayed to the pistilate flowers and hand pollination with male flowers of the diploid cultivar 'Dulce Maravilla') were compared in three growing media (perlite, coir dust and rockwool) in watermelon plants of the triploid cultivar 'Reina de Corazones' grafted onto 'Shintoza'. Plants were grown in a greenhouse from April to July. Yields, fruit weight, Hunter colour parameters and soluble sugars accumulation were determined by sampling fruits at 20, 25, 30, 35, 40 and 45 days after fruit setting. The substrate or fruit setting procedure did not influence yields. Fruit weight was significantly higher in plants grown in rockwool than in the other substrates and was not affected either by the fruit setting procedure. No interactions between both factors under study were found in any of the quality parameters analyzed. Sugar accumulation patterns and contents were similar to those found in other studies. CPPU delayed the internal redness colour and sugar accumulation, particularly of sucrose, but was dependent on substrates. The internal redness colour was faster in fruits grown in perlite. Little influence of the substrate was found in the fructose or glucose accumulation patterns but sucrose and total soluble solids were higher in fruits from plants cultivated in perlite. Since sugar accumulation in watermelon is affected by water availability, these results seem to be related to differences in the available water holding capacity of the substrates.
INTRODUCTION
Most of the watermelon production in Spain and other European Mediterranean countries is usually cultivated under forced conditions because of the much higher prices obtained by the early harvests. In addition, there is a great interest for producing triploid watermelon cultivars, as the consumers prefer seedless fruits. These cultivars represent nowadays approximately 50% of the total watermelon production in Spain. Triploid cultivars need diploid cultivars to be pollinated. However, as it causes some trouble (Miguel and Maroto, 2000) , the use of synthetic hormones to set parthenocarpic fruit is increasing in importance. The synthetic cytokinin CPPU (1-(2-chloro-4-pyridyl)-3-phenylurea) has proved effective both in watermelon (Hayata et al., 1995; Kano, 2000; Maroto et al., submitted) and in muskmelon (Hayata et al., 2000 (Hayata et al., , 2001 . However, LopezGalarza et al. (2004) reported that, at commercial maturity, the fruits treated with CPPU had lower total soluble solids content, sugar concentration, sucrose to hexose ratio, and a weaker red colour than fruit from pollinated fruits. 268 The cultivation in forced conditions has also created a problem with the soil-borne diseases, particularly those posed by the widespread presence of Fusarium oxysporum. For several years, watermelon forced production relied on soil sterilization, but the banning of the fumigant methyl bromide has forced to the use of plants grafted on Fusarium-tolerant rootstocks (Miguel et al., in the press). For this purpose, the use of soilless cultivation is also increasing in watermelon production. Although the use of grafting is recommended also when soilles cultivated, the composition of the substrate could affect the productive parameters or even the fruit quality.
In the present study, we present the differences in yields, sugar composition and flesh colour in fruit of plants of the triploid watermelon cultivar 'Reina de Corazones' grafted on 'Shintoza' rootstock and grown in different substrates in soilless culture in a heated greenhouse. We also compared these parameters in fruit set by pollination or through the application of the synthetic cytokinin CPPU to the ovaries.
MATERIALS AND METHODS

Plant Material and Growth of the Plants
Experiments were performed in a traditional watermelon producing area, the coastal region south of Valencia, Spain. Grafted plants of the triploid watermelon (Citrullus lanatus (Thun.) Matsum. and Nakai) cultivar 'Reina de Corazones', were raised in rockwool blocks as described (Miguel et al., in press) . As a rootstock, we used the hybrid 'Shintoza' (Cucurbita maxima × Cucurbita moschata). ). The high electrical conductivity of this nutrient solution (2.3 dS m -1 ) was due to the presence of Na 1+ and Cl 1-ions in the irrigation water. The amount of solution applied was adjusted to transpiration to ensure a 25% of drainage. During early plant development (early March), the concentrations of essential minerals in the nutrient solution was half of those above.
Experimental Design and Fruit Set Treatments
Fruit set treatments were performed at a time when at least four pistillate flowers were open per plant. Treatments were: spraying the ovary once with CPPU solution (50 mg L -1 ), or hand-pollinating flowers by brushing them with staminate flowers of the diploid watermelon cultivar 'Dulce Maravilla'. Most plants were set to fruit during the last week of April. Fruit setting treatments were combined with substrate treatments (perlite, coconut coir dust and rockwool) following an orthogonal design. Each of the six combinations was replicated 3 times, each replicate consisting of 8 plants.
Fruit Sampling and Measurements
One fruit from each replicate was sampled at 5-day intervals starting 20 days after fruit set. Fruit sampling was discontinued at day 45. Hence, six samples were taken. Four plants of each replicate were used for fruit sampling; hence, at most two fruits were sampled from a single plant during the experiment. The fruits to be sampled were tagged at flowering, thus avoiding any bias in the selection of fruits by appearance. The remaining four plants were harvested at the end of the experiment to determine the influence of the parameters studied on overall yield and fruit size.
Immediately after harvest, fruits were weighed, cut transversally at the equator, and a portion of the central core of the flesh was sampled for analysis. This central core has been reported as to have the highest concentration of sugars in the fruit (Chisholm and Picha, 1986) . The sample of flesh was chopped and filtered through fine muslin tissue.
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The filtered juice was used to determine the total soluble solids by refractometry, and the Hunter colour values using a colorimeter (Minolta CR-300). Sugars were separated by HPLC, using a 250 x 4.6 mm Hypersil APS-2 column, and eluting the sugars with a mixture acetonitrile-water (80:20 by volume) at a flow rate of 1 ml per min. Peaks were quantified using a refractive index detector (Thermo, Spectra System RI-150).
Statistical Analyses
The influence of the parameters studied on fruit characteristics was assessed by means of an analysis of variance (SAS Institute, 1989) . The effects of the main factors (fruit age, substrate and fruit set procedure) and their interactions were partitioned. The seasonal variation of the fruit characteristics was fit to a second order polynomial equation using a least square fitting program (SAS Institute, 1989) . A higher order equation did not improve the fitting of the curves.
RESULTS
Plant Growth and Fruit Yield
The substrate had not any influence on yields despite of differences greater than 20 % between rockwool and perlite. The number of fruits set were higher in perlite and coconut coir dust but fruit size was greater in rockwool than in perlite (P≤0.05; Table 1) .
No difference in yields, number of fruits set, or in fruit size, was found between pollinated and CPPU-set plants (Table 1) .
Fruit Sugars Composition
Sugars and soluble solids content had significant (P≤0.01) seasonal changes during the sampled period (Table 2 ). Glucose and fructose were the most abundant sugars in the fruit flesh in the first analysis (20 days after setting) and were present at similar concentrations (Fig. 1) . By day 25, the concentration of fructose was higher than the concentration of glucose, both concentrations increasing and reaching a maximum by days 30-35. Thereafter the concentrations of these two sugars decreased with greater rate for glucose. Sucrose content was very low initially, but after day 30 increased markedly. The accumulation of sucrose during the late stages of fruit development was higher than the decline in fructose and glucose.
Fruits grown in perlite had significant higher soluble solids content than those grown in the other substrates, and those set by pollination higher than those set with CPPU (P≤0.01; Table 2 ; Fig. 1 ).
Substrate had not any influence on glucose and fructose content. Pollinated fruits had significantly higher values of glucose (P≤0.01). Fructose levels for setting procedure varied depending on the substrate: Pollinated fruits had significantly higher values of fructose only when grown in coir dust but no significant differences were found between fruit set procedures when grown in perlite or rockwool (P≤0.05; Table 2; Fig. 1) .
Sucrose levels were different among substrates but depending on fruit age or fruit setting. Substrate had not influence on sucrose contents up to 35 days after fruit set. From then, sucrose contents were higher in perlite-grown fruits than in coir dust or rockwool ones (Fig. 1) . In addition, sucrose levels of pollinated fruits were higher in perlite but no differences were found among substrates in CPPU-treated fruits. As for substrates, no differences in fruit set procedure was found up to 35 days after treatment but thereafter sucrose levels were significantly higher in pollinated fruits (P≤0.01; Fig. 1 ).
Fruit Colour
Both Hunter parameters 'a' and 'b' increased with fruit age until 40 days after fruit setting. The brightness ('L' parameter) increased little with fruit age, had much variation than the other parameters (Table 3) , and did not present any definite pattern (data not shown).
Substrates affected both 'a' and 'b' Hunter parameters depending on fruit age, 270 since interaction between both factors was significant (P≤0.05; Table 3 ). However, except for day 40, the pattern of the 'a' parameter was higher in perlite than in coconut coir dust and in both higher than in rockwool, while the 'b' pattern was higher also in perlite but without differences between coir dust and rockwool (Fig. 2) . Pollination significantly faster developed the red colour and had higher values by days 40 and 45 than CPPU-set fruits. The brightness of the flesh was also paler in CPPUset fruits (Table 3 ; Fig. 2 ).
DISCUSSION
In our experiment rockwool reduced fruit set but increased fruit size and perlite produce the contrary effects, any affecting yields. There are few references about the effects of substrates on yields and fruit weight in watermelon soilles cultivation. These parameters were found higher in rockwool and in a perlite+coir dust mix by Park et al., (1999) compared to coir slabs or perlite in an experiment carried out in Korea, which agree in part with our results. Guler et al. (1993) found higher fruit weights of melons grown in rockwool compared to perlite, sand or soil, having also lower dry matter contents, which also agrees with our results and suggest that the increase in fruit weight is related to higher water uptake.
As reported in our previous paper (Lopez-Galarza et al., 2004) , the patterns of sugar accumulation during fruit development obtained in our experiments were similar but not identical to those described by Brown and Summers (1985) and Chisholm and Picha (1986) . We found that total sugar contents peaked at the end of our experiment (days 40-45) and that in the 'Reina de Corazones' cultivar, the development of the red flesh colour paralleled the accumulation of sugar, in contrast to the results of Brown and Summers (1985) .
According also with our previous report (Lopez-Galarza et al., 2004) setting fruit with the synthetic cytokinin CPPU delayed hexose and sucrose accumulation, and reduced sugar content and the intensity of the red colour in the fruit flesh compared to pollinated fruits. In addition, the proportion of hexose to sucrose was increased, and this may affect the flavour of the fruit and the consumer acceptance. Setting fruit with CPPU was reported to reduce sugar content in muskmelon (Hayata et al., 2000) , but no effect was found in 'Asahikari' watermelon (Hayata et al., 1995) . Nevertheless, our results, in terms of soluble solids content are in the high range of the values reported for non-grafted watermelons grown outdoors by Pardo et al. (1997) and Leskovar et al. (2004) .
No references on the influence of the substrate on sugar accumulation have been found in watermelon. Guler et al. (1993) did not find differences in soluble solids content among melon fruits grown in rockwool, perlite, coir slabs or coir dust+perlite mix. In our experiment, the substrate affected the influence of the fruit setting since differences between them in fructose concentrations were only found in coir dust. Also for sucrose levels, since differences in fruit setting treatments were only found in plants grown in perlite or coir dust but not in rockwool. By days 40 and 45, soluble solids content in fruits grown on perlite were higher than in those grown in coir dust or rockwool and particularly higher when set by pollination.
Sugar accumulation in watermelon is affected by water availability (Leskovar et al., 2004) . Since perlite has a lower water-holding capacity than coir dust or rockwool (Marfá et al., 1993; Noguera et al., 2003) , these results seem to be related with differences in these parameters rather than others possible influences. The different sugar composition and flesh colour, in response to the substrate, emphasizes the importance of further studies to determine the optimum water management in cucurbits in soilless cultivation in greenhouse during fruit development. Lines are the best-fit second order polynomial curves. The vertical bars show the least significant differences between any two points P≤0.05.
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